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DIAPHRAGM STRENGTH OF COMPOSITE ROOF SYSTEM 
By Roger A. LaBoube l and James M. Fisher2 
Introduction 
The standing seam roof panel is recognized in the engineering community for 
its weather-tightness, its contribution to energy conservation and its 
ability to resist gravity and wind uplift loads. The panel to purlin con-
nection of the standing seam roof system is designed to allow movement in 
order to accommodate for expansion and contraction caused by temperature 
changes. Because of this a standing seam roof possesses questionable 
ability to adequately resist in-plane forces resulting from either wind or 
earthquake. This ability to resist in-plane forces is commonly referred 
to as shear diaphragm behavior. 
* A new roof system, CMR-24TM , is a recent contribution to the evolution of 
roof system technology. CMR-24 is a composite or sandwich panel system 
featuring a steel liner panel, a rigid insulation board and the MR-24® roof 
panel (Fig. 1). The steel liner panel, a 29 gage deck, has negligible 
diaphragm strength because of its low shear buckling stiffness. However, 
the rigid insulation sandwiched between the liner panel and the MR-24 roof 
panel precludes buckling of the liner panel. This enables the system to 
exhibit acceptable diaphragm characteristics. 
This paper presents the results of a study that determined the diaphragm 
strength and stiffness for the CMR-24 roof system. The strength and stiff-
ness of a cold-formed steel diaphragm is usually governed by its connections. 
In order to develop an optimum design, four different connection arrangements 
were investigated. 
In addition to full scale tests, the strength of the fasteners was experi-
mentally determined. This data was used to analytically compute the diaphragm 
strength. A comparison between the experimental and analytical shear strength 
is presented. 
lResearch Engineer, Butler Mfg. Co. - Research Center, Grandview, Mo. 
2Vice President, Computerized Structural Design, Inc., Milwaukee, WI. 
*Patent Pending 
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Full Scale Tests 




® MR-24 roof panel manufactured by Butler Manufacturing Company. 
Thermax® Insulation Board manufactured by Celotex Corp. 
Tensilform® 50 panel manufactured by Wheeling Corrugating Co. 
The manufacturers' specifications for the MR-24 and the Tensilform 50 panels 
are given in Table 1. Thermax is a glass reinforced polyisocyanurate 
cellular plastic having exceptional resistance to the flow of heat. 
Tests were conducted to evaluate the influence of each of the above components 
on the behavi or of the CMR-24"M system. Three different component confi gura-
tions were studied. These configurations are summarized in Table 2. 
A diaphragm's strength and stiffness are significantly influenced by the 
fastener type and location. A 1/4 x 14 self-drilling screw was used through-
out the test program. To optimize design, four liner panel connection 
arrangements were tested. These arrangements are described in Table 3 and 
Figures 2 and 3. 
The purpose of the test program was to determine the di aphragm capabil ity of 
the panel assemblage (excluding perimeter member strength). Therefore, the 
influence of localized distortions at the edge attachments were min-imized by 
using a test specimen consisting of six liner panel sheets in width and by 
increasing the number of side lap connectors along the edges at the perimeter 
members. The overall dimensions of each test specimen was 14'-10" x 18'-5" 
(4.52 m x 5.62 m). 
Test Setup and Procedure The tests were conducted by using a cantilever 
test frame as described in Reference 1. A layout of the test frame is 
shown in Figures 4 and 5. The test frame had pin connected corners and 
offered negligible resistance to load. As indicated in Figure 4, a purlin 
spacing of 5 ft. (1.53 m) was used to support the roof system. This is 
the recommended purlin spacing for structures with this roof system. 
Load was applied in 500 lb. (2.2 kn) increments by using a hydraulic ram. 
The load was measured with the aid of a load cell and data acquisition 
system. Dial gages were used to measure the deflections for each load 
increment. The dial gage locations are presented on Figure 4. 
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Test Results - All specimens were tested to failure. Table 4 contains a 
summary of the fail ure load, P u' the ultimate shear strength, Su' and the 
shear stiffness, G'. The magnitude of Su and G' were evaluated by using 
the procedures prescribed in Reference 1. 
A comparison between the test results (Su and G') for component configura-
tions Nos. 1 and 2 indicates that a variation in Thermax thickness from 
3/4 in. (19.05 mm) to 1-3/4 in. (44.45 mm) had no significant effect on the 
diaphragm capability of the CMR-2~M roof system. Test results (Nos. 1 and 3) 
also indicated that a variation in the thickness of MR-24® (24 gao and 26 ga.) 
produced no significant variation in the diaphragm characteristics of the roof 
system. These comparisons are summarized in Table 5. 
The three components acting as a system enabled the CMR-24 roof system to 
function adequately as a shear diaphragm. A 29 gage steel panel has very 
low shear buckling stiffness. However, the rigid insulation, which is sand-
wiched between the 29 gage liner panel and the MR-24 roof panel, inhibits 
the shear buckling failure mode of the liner panel. 
Fastener Tests 
Tests were conducted to determine the ultimate capacity of the following 
connector applications: 
1. Panel to panel connection (Figure 6) 
2. Panel to structural connection at side lap (Figure 6) 
All of the tests were performed using 29 gage liner panel, 0.071 in. 
(1.80 mm) structural material and 1/4 x 14 self-drilling screws. 
Table 6 lists the average failure load for each application. 
Analytical Comparison of Strength 
It is not practical to conduct tests for every possible diaphragm connection 
configuration that could be encountered in design. Therefore, a reliable 
analytical method was sought. 
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The following equation, which was used to calculate the strength of the 
full scale test specimens, was discussed in detail by Reference 2. 
13 1 V = n Fs + - n F 
u s 2ae p p (1) 
in which Vu = computed ultimate shear strength, ns = number of seam fasteners 
per side lap, Fs = seam, fastener strength, 131 = factor reflecting the number 
of sheet/purl in fasteners per sheet width, a e = factor reflecting the effect 
of intermediate purlins, np = number of purlins, Fp = sheet/structural 
fastener strength. 
Table 7 presents a summary of the calculated ultimate shear strength for test 
specimen connection designation Types 1 through 4. Also listed in Table 7 is 
the corresponding average tested shear strength at failure for each specimen. 
Good correlation was obtained between the tested and computed shear strengths 
for the specimens used in this study. This is demonstrated by the numerical 
values for the ratio of tested to computed shear strength given in Table 7. 
This ratio varied from 0.90 to 1.24 with a mean value of 1.06. Contained in 
the Appendix are the calculated Vu values. 
Summary 
This paper summarizes the results of an exper·imental investigation of the 
diaphragm capability of Butler Manufacturing Company's new CMR-24 roof 
system. Both full scale tests and fastener tests were performed. 
The fastener test results were used in conjunction with an analytical 
method to compute the ultimate strength of the diaphragm. 
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APPENDIX I - REFERENCES 
1. American Iron and Steel Institute, "Design of Light Gage Steel 
Diaphragms," 1st ed., 1967. 
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2. Fisher, J. M., "Strength and Stiffness of Light Gage Steel Diaphragms", 
Proceedings, Seminar on Cold-Formed Steel for Practicing Engineers and 
Architects," University of Windsor, Windsor, Ontario, Canada, April, 
1980. 
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APPENDIX II - NOTATIONS 
Fp sheet/structural fastener strength, lbs. 
Fs seam fastener strength, lbs. 
G' diaphragm shear stiffness, lb/in 
Pu tested failure load, lbs. 
Su tested ultimate shear strength, lbs/ft 
Vu computed ultimate shear strength, lbs. 
np number of purlins 
ns number of seam fasteners 
ue factor reflecting the effect of intermediate purlins 
Sl factor reflecting the number of sheet/purlin fasteners per sheet width 













Nominal Nominal Design 
Pitch Depth Thickness 
(in. } ( in. } (in. ) 
24 2 .0257 
24 2 .0198 
2-1/2 9/16 .0149 
TABLE 2 
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TABLE 3 
LINER PANEL ATTACHMENT 
Connector Spacing*** 
Panel Panel Sidelap Arrangement 
to to Liner Panel to Structural 
Structural Panel Panel Connectors @ Sidelap 
(in.) (in.) Lap** (No.) 
10 Single 1 
10 30 Single 2 
10 30 Stngle 4 
10 30 Double 4 
* See Figure 2 for layout of connection designations 
** See Figure 3 for definition of liner panel lap arrangement 
*** Connectors were 1/4 - 14 self-drilling screws 
TABLE 4 
TEST RESULTS 
Fail ure Ultimate Shear 
Cornponent Connection Test Load, Pu Strength, S 
Configuration Designation No. ( 1 bs . ) (lb/ft) u 
1 Type 1 1 6500 438 
2 6652 448 
1 Type 2 1 8500 573 
2 8580 579 
1 Type 3 1 12432 830 
2 11000 742 
1 Type 4 1 12961 874 
2 12804 863 
2 Type 2 1 8537 576 
2 8800 593 
3 Type 2 1 7940 535 
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TABLE 5 
COMPARISON OF THE AVERAGE STRENGTH AND STIFFNESS COMPARISON 
Component 







1/4 - 14 SDS 
Ultimate Shear Shear 




used Type 2 connection designation 
TABLE 6 











(1 bs 0 ) 
945 
COMPARISON OF TESTED AND COMPUTED DIAPHRAGM STRENGTH 
Average Tested Computed 
Connection Failure Load, P Failure Load, Vu 
Designation (01 bs 0) u (1 b 0 ) 
Type 1 6576 5292 
Type 2 8540 9463 
Type 3 11716 11737 
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DIAPHRAGM STRENGTH OF ROOF SYSTEM 
CALCULATIONS OF THE THEORETICAL ULTIMATE SHEAR STRENGTH 
OF CMR-2WM TEST DIAPHRAGMS 
The following calculations are based on the equation: 
Vult = NsFs + SlnpFp 
(a = 1/2 for all configurations tested) 
e 
401 
Values for Sl can be obta"ined from the table below. These values are 
taken from the "European Recommendations for the Stressed Skin Design of 
Steel Structures". Constrado, ECCS-VXII-77-IE, University of Salford, 
Salford M5 4WT ENGLAND. 




5 1. 25 
6 1.40 





(1) D6uble lines of fasteners (Types 2, 3 and 4) produce the same 
effect as if additional purl ins were added. 
(2) The fastener (3), Figure No.1, penetrates each 29 gage sheet 
twice. This affects the number of fasteners per purlin. 
Fasteners* 
~ Qer Sheet Width Sl ns ~- Vult 
1 6 1.40 0 4 5292 
2 4 1.11 3 8 9463 
3 6 1. 40 3 8 11737 
4 6 1.40 3 8 11737 
*Average No. 
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MR-24 steel roof panel. 
Panel clips spaced at 24 inches on center. 
Corrosion resistant, self-drilling 3/B-inch diameter, hex head 
Scru-BoltR Fasteners, long enough to penetrate liner panel 1/4-inch. 
One required at each panel clip. 
Thermax TF600 or TF6l0 insulation board. 
Bearing plate at each clip. 
6. Vapor barrier (optional) 
7. Liner panel. 
8. Corrosion resistant, self-drilling 1/4-inch diameter, 3/4-inch long 
Scru-BoltR spaced at a maximum of 10 inches on center. 
9. Supporting frame work. 
Figure 1 - Typical Connection 
DIAPHRAGM STRENGTH OF ROOF SYSTEM 403 
PURLIN f PURLIN } PURLlN+i 
+. +. I 
SIDELAP J ----.Q..t -1-1-- ----~t I-! - ----it--
11 2ft I Ii 
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1i 2!1\ 11 
TYPE 2 
"0" J. ~ 30" 30" 
PURLIN~ 
:-s ~+! L 
SIDELAP t. 11 
PURLlN~ 
30" 












SI DELAP t) 11 
i r i j -~----~---==R4== I, 
. 11 
Figure 2 - Connection Designation 
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;-LINER PANEL 
f: ~ ~------l 
~CONNECTOR PURLIN TOP 
(PANEL TO STRUCTURE) FLANGE 
SECTION SECTION 
PA RA LLEL TO PURLI N ~=PE~R"":"'P"":"'EN=D-':-I~CU~L--:A-R-T--:O-P--A-:-N---E--L -
SINGLE LAP 
~LlNER PANEL / 
t2 ~ ~~-D r--------l~ t 
~ONNECTOR~ ~URLIN TOP 
(PANEL TO STRUCTURE) FLANGE 
SECTION SECTION 
PARALLEL TO PANEL PERPENDICULAR TO PANEL 
DOUBLE LAP 
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Figure 4 - Test Fixture 
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Figure 5 - Test Layout 




PANEL TO PANEL AT SIDELAP 
'!.J lS'lO-SHEET 
PANEL TO PANEL AT PURLIN 
Figure 6 - Fastener Shear Test 

